INTRODUCTION
Influenza viruses are associated with significant morbidity and mortality and affect approximately 20% of the world's population each year (1) . In general, vaccination can provide optimal protection against influenza viruses. However, the level of protection by annual vaccination can be limited due to antigenic adaptation of circulating strains. In addition, the low level of vaccine coverage is another major issue in different communities (2) .
Besides immunization, use of antiviral medicines, along with therapeutic or preventive strategies, can help prevent morbidity, mortality, and spread of influenza viruses (3) .
In this regard, phylogenetic analysis can provide valid information on the epidemiological development of influenza viruses. In fact, knowledge of the genetic and antigenic characteristics of these viruses can contribute to the development of laboratory-based diagnostic and surveillance methods (4) In addition, NA is involved in the releasing of progeny virions, viral cell-to-cell spread, HA-mediated fusion, and effective virus proliferation (8) (9) (10) .
Over the past decades, NA has been considered as a major drug target. Today, NA inhibitors (NAIs), such as oseltamivir, zanamivir, inhaled laninamivir, and peramivir, are available and used against influenza viruses, including A(H1N1)pdm09 virus (11) . On the other hand, resistance mutations (H275Y, E119V/G, and I22V) have been reported in in vivo and in vitro models (12) .
Since the emergence of influenza A(H1N1)pdm09 virus 
MATERIALS AND METHODS

Samples
In this retrospective, cross sectional study, 34 
Phylogenetic analysis
The PCR products of NA genes were sequenced, using Table 3 presents a sequential analysis of amino acid sequence changes in NA genes of the studied strains in comparison with the vaccine strain. Overall, 31 amino acid substitutions were detected in the studied strains. The substitutions were as follows : I17V, A20T, N28D, L40I,   L40V, N44S, V62I, S79P, V83M, S95N, D103N, V106I,   C124R, R130T, P154S, N200S, G201E, N222D, V241I,   N248D, R257K, V264A, K265P, H275Y, D284N, S285C, G320V, S334R, N369K, G414R, and T466P (Table 3) . Table 4 presents the site and sequence of N-linked glycosylation in the studied samples. All 8 cases of Nlinked glycolisation remained unchanged in the NA genes of pandemic strains (Table 4 ). In addition, Table 5 demonstrates relatively reserved epitopic sites of B cells in
NA glycoproteins of influenza isolates in comparison with
A/California/7/2009 vaccine strain. Mutations, including V106I, R130T, N200S, G201E, and G414R, were detected in the studied isolates, compared to the corresponding vaccine ( vaccine strain identity had decreased at nucleotide and amino acid levels over the years (Table 2) .
Despite the decreased genetic identity of the isolates with the corresponding vaccine strain during 3 seasons, an increase was observed in the genetic relationship between the isolates in each season; this finding indicates the greater adaptation of pandemic influenza virus to the Iranian population over time (Table 2 ). In addition, Table 3 presents a sequential analysis of changes in NA genes relative to the vaccine strain at amino acid level.
Based on the present findings, although catalytic, framework, and glycosylation sites did not change in NA genes, 31 amino acid substitutions were detected in other regions. Overall, N44S, V62I, V106I, N200S, V241I, N248D, and N369K substitutions were most commonly detected (Table 3) . Some other mutations have been also reported in other studies in Iran (24) , which are of phylogenic importance.
The phylogenetic tree shows that the strains studied in each season constitute separate branches in the tree ( Figure   1 ). Speciation of the isolates in different seasons may be due to mutations and substitutions, which are of Table 3 ).
Two isolates in our previous study were detected via TaqMan real-time PCR (17) . Although other studies performed in different countries have reported a significant increase in oseltamivir-resistant A(H1N1)pdm09 viruses (25-31), no cases have been detected in Iran (24) . Also, other known mutations, which cause resistance to NAIs (such as D199N, E119V/G, and I223V/R), were not observed in this study.
Meanwhile, H275Y substitution, detected in this study, was of phylogenic importance and led to speciation of influenza strains in the phylogenetic tree ( Figure 1 ). As stated earlier, in addition to enzymatic activity, NA exhibits antigenic properties. Therefore, in the study of influenza A(H1N1)pdm09 virus, antigenic changes in NA protein should be also investigated.
In the present study, examination of mutations in the epitopic regions with respect to the vaccine strain revealed changes in reserved B-cell-dependent antigenic parameters (Table 5 ). These changes included D103N and V106I
substitutions in 100-118 amino acid residues, N200S and G201E substitutions in amino acid sequences at residues 195-211, R257K substitution at residues 250-258, and G414R
substitution at residues 399-415. N200S substitution was Overall, the available information on the prevalence and frequency of NAI-resistant variants is very limited in Iran. Given the increasing emergence of drug-resistant influenza viruses, we can limit the emergence of drug resistance through molecular monitoring, proper use of antiviral drugs, and development of laboratory-based diagnostic and surveillance strategies.
